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Introduction 23
Principle channel metrics, for example channel width or gradient, convey immanent information 24 that can be exploited for geomorphological research (Wobus et al., 2006; Cook et al., 2014) or 25 engineering purposes (Pizzuto, 2008) . For example, a snap-shot of the current local channel 26 geometry can provide an integrated picture of the processes leading to its formation, if interpreted 27 correctly and examined in a statistically sound manner (Ferrer-Boix et al., 2016) . Repeated surveys, 28 as time-series of channel gradients, can reveal local erosional characteristics that sharpen our 29 understanding of the underlying processes and facilitate, inspire, and motivate further research 30 (Milzow et al., 2006) . However, these geometrical measures are not directly available. Typically, 31 the measurable metrics are limited to the position of features, such as the channel bed or water 32 surface, or the water flow path or thalweg in two-or three-dimensional coordinates. The data can 33 be either collected during field surveys with GPS or total stations or through remote sensing, with 34 the need of post-processing for example in a GIS (geographical information system). To effectively 35 generate channel metrics such as channel width, an objective and reproducible processing of the 36 geometric data is required, especially when analyzing the evolution of channel metrics over time. 37 For river scientists and engineers a convenient processing tool should incorporate a scale-free 38 approach applicable to a broad spectrum of environments. It should be easy to access, use, and 39 modify, and generate output data that can be integrated in further statistical analysis. Here, we 40 present a new algorithm that meets these requirements and describe its implementation in the R 41 package cmgo (https://github.com/AntoniusGolly/cmgo). The package derives a reference 42 (centerline) of one or multiple given channel shapes and calculates channel length, local and 43 average channel widths, local and average slopes, knickpoints based on a scale-free approach 44 (Zimmermann et al., 2008) , local and average bank retreats, or and the distances from the centerline 45 respectively, as well as allows to project additional spatial metrics to the centerline. 46 2. Literature review 47 Computer-aided products for studying rivers have a long tradition, and solutions for standardized 48 assessments include many disciplines, as for example for assessing the ecological status of rivers 49 (Asterics, 2013) or for characterizing heterogeneous reservoirs (Lopez et al., 2009 ). There are also 50 numerous efforts to derive principle channel metrics from remote or in-situ measurements of 51 topography or directly of features such as channel banks. Available products, which we review in 52 detail next (Table 1) , are helpful for many scientific applications and are used by a large 53 community. However, they often do not provide the degree of independency, transparency or 54 functionality that is necessary to fit the versatile requirements of academic or applied research and 55 thus the call for software solutions remains present (Amit, 2015) . The currently available solutions 56 can be separated into two groups: extensions for GIS applications and extensions for statistical 57 programming languages. The first group incorporates programs that are published as extensions for 58 the proprietary GIS software ArcMap (ESRI, 2017), which are generally not open source and are 59 thus lacking accessibility and often transparency and modifiability. Furthermore, the individual 60 solutions lack functionality. For example, the River Width Calculator (Mir et al., 2013) calculates 61 the average width of a given river (single value), without providing spatially resolved information. 62 The toolbox Perpendicular Transects (Ferreira, 2014 ) is capable of deriving channel transects 63 locally, which are generally suitable for calculating the width. However, the required centerline to 64 which the orthogonals are computed is not generated within the tool itself. Thus, the tool does not two binary raster masks, a channel mask and a river mask, which need to be generated in a pre-77 processing step, using for example a GIS. Bank geometry obtained from direct measurements, for 78 example from GPS surveys, do not represent adequate input. As a result of the usage of pixel-based toolbox RivMap also works with raster data. It is well documented and has a scientific reference 85 (Schwenk et al., 2017 is spatially smoothed with a mean filter, f) transects are calculated, g) the channel width is derived from the transects.
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Step Description Function It follows a detailed description of all steps of the algorithm. In step 1.11.1, the algorithm creates a 
150
To calculate the channel metrics based on the centerline, channel transects are derived (step 3.13.1). The package cmgo requires basic geometrical information of the points that determine a channel 164 shape -the bank points ( Figure 1a ) -while in addition of to the coordinates, the side of the channel 165 must be specified for each point. In principle, a text file with the three columns "x", "y" and "side" 
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The data can be either collected during field surveys with GPS or total stations or through remote 182 sensing techniques with further digitizing for example in a GIS. In the latter case the data needs to list, a list of more than 50 parameters specifying the generation and plotting of the model results.
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The full list of parameters with explanations can be found in SM I.
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Codebox 2: structure of the global data object containing data and parameters.
198
To create this object, the function CM.ini(cmgo.obj, par) is used. Initially, the function builds a 3. If the cmgo.obj argument is a string or NULL, the function will check for a demo data set with 215 the same name or "demo" if NULL. Available demo data sets are "demo", "demo1", "demo2" 216 and "demo3""demo3" (section 7).
217
CM.ini() returns the global data object which must be assigned to a variable, as for example 218 cmgo.obj = CM.ini(). Once the object is created, the data processing can be started. 
261
To calculate the channel metrics based on the centerline channel transects are derived. Transects 262 are lines perpendicular to a group of n centerline points, where the sizen -also called the transect 263 span -of that group is defined by the parameter cmgo.obj$par$transects.span. By default this span 264 equals three, which means for each group of three centerline points a line is created through the 265 outer points of that group to which the perpendicular -the transect -is calculated (see Figure 4b) . 266 The number of resulting transects equals the number of centerline points and for each centerline 
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In addition to the plotting, the results can be written to output files and to an R workspace file with 8. Evaluation of the data quality 408 We evaluated the quality of the derived channel width by cmgo to manually measured data and to 409 the best documented and versatile product of our literature review RivMap (Table 1) 
422
The channel width at the transects is generally well captured by the automated products (Table 3) 423 as the mean errors are relatively low compared to the absolute width. However, compared to the Table 3 : channel width at 15 randomly selected locations along a natural channel. The width was identified manually in a GIS, by CMgo cmgo, and by RivMap. Differences of the width from the automated products were compared to the manual approach.
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